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Research  Objectives  and  Approaches. 

There  is  considerable  evidence  that  some  regulatory  activities 
of  the  nervous  system  and  the  immune  system  are  jointly  regulated 
through  the  interactions  of  specific  signal  molecules  generated  by 
these  systems.  Neuropeptides  whose  actions  are  most  often 
associated  with  neuronal  cell  function  have  more  recently  been 
shown  to  modulate  cellular  reactivity  within  the  immune  system 
through  receptor  specific  mechanisms.  One  factor  that  has 
regulatory  activities  within  the  nervous,  endocrine  and  immune 
systems  is  the  nerve  growth  factor  protein  (NGF) .  We  have 
demonstrated  that  functionally  active  receptors  for  nerve  growth 
factor  (NGFR)  are  present  on  cells  of  immune  origin  suggesting  a 
possible  role  for  NGF  as  an  immunoregulatory  molecule  (Thorpe  et 
al,  1987;  Thorpe,  et  al,  1987;  Thorpe  and  Perez-Polo,  1987;  Thorpe 
et  al,  1988;  Thorpe  et  al,  1989;  Morgan  et  al,  1989). 

Nerve  growth  factor  (NGF)  is  a  protein  that  is  known  to  be 
required  for  the  development  and  maintenance  of  neurons  in  the 
peripheral  and  central  nervous  systems  as  well  as  chromaffin  cells 
of  the  adrenal  (Levi-Montalcini,  1987) .  We  and  others  have 
established  that  NGF  also  alters  immune  function,  in  vitro  and  in 
vivo  (Thorpe  et  al,  1988),  following  our  original  observation  that 
there  is  specific  and  saturable  binding  of  NGF  to  cell  surface 
receptors  on  20%-40%  of  rat  lymphocytes  (Thorpe  et  al,  1987) . 

It  was  the  original  goal  of  this  project:  1.  To  characterize 
the  NGF  receptor  on  lymphoid  cells  and  2.  to  determine  the  effects 
of  NGF  on  lymphocytes  with  an  aim  to  understanding  the 
physiological  and  developmental  role  of  NGF  in  the  immune  system. 

Our  approaches,  as  outlined,  were  to  characterize  NGF  binding  in 
different  rodent  and  human  lymphoid  tissues  and  to  screen  possible 
NGFR  bearing  cell  lines  using  equilibrium  binding  of  125I-NGF  to 
solubilized  receptor  preparations  and  also  to  crosslink  such  125I-  _________ 

NGF  to  the  NGF  receptor  (NGFR)  and  carry  out  SDS-PAGE  analysis  of  or 
immunoprecipitated  25I-NGF  crosslinked  to  its  receptor.  We  also 
embarked  on  a  project  to  develop  RP-HPLC  techniques  for  the  study  /*? 

of  NGFR  on  lymphoid  cells.  Lastly,  we  assessed  NGF  action  on 
lymphoid  cells  by  measuring  the  effect  of  NGF  on  lymphocyte U 
incorporation  of  3H-Thd  into  acid  precipitable  material  as  an  index  0 
of  DNA  synthesis  and  cellular  proliferation. 
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Progress  Report. 

During  the  past  year  our  major  accomplishments  have  been:  To 
demonstrate  that  most  unstimulated  rodent  thymocytes  display  NGF 
binding  properties,  NGFR  protein  and  NGFR  mRNA.  We  have  found  that 
the  NGFR  m/RNA  in  thymocytes  is  4.1  Kb  or  0.4  Kb  larger  than  that 
found  in  neurons.  The  work  on  thymocytes  has  been  submitted  to  the 
Journal  of  Immunology  (see  attached  manuscript,  Thorpe  et  al  1989) . 
The  finding  of  a  4.1  Kb  NGFR  mRNA  was  obtained  with  Northern 
analysis  using  an  NGFR  cDNA  probe  obtained  from  Eric  Shooter  at 
Stanford.  We  have  applied  RP-HPLC  to  the  characterization  of  the 
NGFR  present  on  lymphocytes.  Here  we  will  outline  the  progress  of 
the  effect  of  NGF  on  DNA  synthesis  and  RP-HPLC  analysis  of  the 
NGFR-  Thymocytes  were  isolated,  rapidly  frozen  and  stored  at  -7o 
degrees  C  until  time  of  RNA  isolation.  Total  RNA  was  extracted  by 
a  modification  of  the  guanidinium  isothiocyanate  (G-SCN)  method 
(Maniatis  et  al.  1982).  Poly  (A+)  RNA  was  isolated  by  a  single 
passage  of  700ug  of  total  thvmocyte  RNA  through  an  oligo  (dt) 
column  (Avin  and  Leder,  1972) .  Samples  were  loaded  onto  a  gel  of 
1.2%  agarose/8%  formaldehyde  in  IX  MOPs  running  buffer.  LaneA:  lOug 
of  thymocyte  ooly(A+)  RNA;  Lane  B:  40ug  of  thymocyte  poly(A-)  RNA. 
Samples  were  run  at  25  volts  (1.8V/ cm  gel)  for  14  hours.  The 
samples  were  v.hen  transferred  to  nitrocellulose  (.45um  pore  size) 
by  standard  blotting  technique  in  20X  SSC.  The  nitrocellulose  was 
baked  at  80  degrees  C  for  two  hours  in  a  vacuum  oven.  After  baking 
the  membrane  was  placed  in  a  plastic  heat  sealed  bag  that  contained 
10ml  of  prehybridization  buffer  (50%  formamide/5x  SSPE/5X 
Denhart ' s/lmM  ATP/0.1%  SDS/200ug  denatured  salmon  sperm  DAN/ ml 
buffer)  and  prehybridized  at  42  degrees  C  for  5  hours.  The  buffer 
and  hybridization  conditions  are  essentially  the  same  as  those 
found  in  Radeke  et  al,  1987.  Following  prehybridization,  the  buffer 
was  replaced  with  an  identical  buffer  that  contained  10%  dextran 
sulphate  and  3  x  106  cpm/ml  of  a  random  primed  32P-labeled  cDNA  for 
the  NGFR  (specific  activity  of  probe,  3  x  108  dpm/ug  DNA)  .  The 
labeled  cDNA  was  generated  by  using  a  random  labeling  kit  (BIO¬ 
RAD  catalog  no.  170-3557)  and  30ng  of  a  T7  plasmid  with  an  insert 
containing  the  cNGFR  (kindly  provided  by  Dr.  Eric  Shooter) .  The 
membrane  was  hybridized  for  48  hours  at  4  2  degrees  C  and  then 
washed  four  times  for  30  minutes  in  0.2X  SSC/0.1%  SDS.  After 
washing  the  membrane  was  air  dried  and  subjected  to  overnight 
autoradiography  in  a  lightproof  cartridge  with  Kodak  X-OMAT  film 
and  e  Dupont  Cronex  intensifying  screen. 

The  labeled  cDNA  hybridized  to  a  single  species  of  RNA  of 
approximately  4.1  kb  (as  determined  by  18S  and  28S  RNA 
measurements) .  It  did  not  hybridize  to  anything  in  either  the 
poly(A-)  sample  or  in  controls  with  rat  liver  poly(A+)  RNA  (not 
shown).  This  4.1  kb  band  is  somewhat  larger  than  expected  since 
previous  studies  have  shown  the  NGFR  message  to  be  approximately 
3.7  kb  in  the  rat.  It  is  unlikely  that  the  size  discrepancy  is 
artefactual  since  we  have  used  this  procedure  to  label  a  mRNA  of 
approximately  3.7  kb  in  both  PC12  cells  and  rat  basal  forebrain 
(unpublished  observations) . 
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Binding  of  NGF  to  cell  surface  receptors  (NGFR)  is  the  first 
obligatory  step  to  NGF  action.  Although  the  amino  acid  sequence  for 
NGFR  is  known,  the  identification  of  a  single  gene  for  NGFR  does 
not  explain  the  existence  of  two  forms  of  NGF  binding  activities 
and  of  the  several  reported  molecular  weights  of  NGFR.  We  report 
here  on  the  partial  isolation  of  several  molecular  species  of  NGFR 
from  PC12  cells  using  lectin  chromatography,  reverse-phase  HPLC  and 
NGFR- specific  monoclonal  antibody  192  (mAb  192  to  rodent  NiaFR) 
immuno-precipitation.  In  general  we  found  a  tendency  for  the  higher 
molecular-weight  species  of  NGFR  protein  to  be  eluted  in  the  more 
hydrophobic  fractions.  Since  the  117  and  133  kDa  species  must 
contain  a  mAb  192-recognizable  subunit,  we  would  expect  the  76  kDa 
mature  form  of  NGFR  to  be  a  component  there  too.  Thus,  the 
different  molecular  sporioe:  cf  NGFR  detected  by  IIFLC,  immune 
precipitation  and  SDS-PAGE  may  result  from  generation  of  truncated 
forms  of  NGFR,  the  presence  or  absence  of  sugar  residues  on  the 
NGFR  protein  the  association  of  NGFR  with  a  receptor-associated 
protein.  Since  wheat  germ  agglutinin  (WGA)  or  tunicamycin  (TM)  do 
cause  shifts  in  the  proportion  of  high  affinity  to  low  affinity 
receptor  and  acetyl-L-carn i tine  (ALC)  upregulates  levels  of  NGF 
binding  in  PC12  cells,  we  were  not  surprised  to  find  that  treatment 
of  PC 12  cells  with  ALC  or  WGA  induces  the  appearance  of  molecular 
species  of  NGFR  with  molecular  weights  of  about  93kDa  and  155kDa 
and  that  WGA  or  TM  treatment  reduced  the  low  molecular-weight 
species  of  NGFR.  This  is  consistent  with  tne  hypothesis  that  the 
low  affinity  state  of  NGFR  resides  in  a  low  molecular-weight 
species  and  that  the  high  affinity  state  of  NGFR  resides  in  a  high 
molecular-weight  species. 

The  human  neuroblastoma  cell  line  SY5Y  was  also  used  in  this 
study  of  NGF  and  NGFR.  NGF  treatment  of  SY5Y  induces 
differentiation  events  that  are  similar  to  the  effect  of  NGF  on  rat 
pheochromocy coma  PC12  cells.  We  found  that  the  predominant  presence 
of  the  high  molecular  weight  species  of  NGFR  in  neuroblastoma  SY5Y 
cells  is  consistent  with  the  predominant  presence  of  the  high 
affinity  NGF  binding  activity  reported  for  this  cell  line.  The 
expression  .  •  j  93  kDa  species  of  NGFR  in  neuroblastoma  cells  may 
be  due  to  wer  expression  of  a  16  kDA  receptor-associated 

protein.  In  dition,  we  demonstrated  that  the  expression  of 
different  species  of  NGFR  could  be  modified  by  treatment  with 
retinoic  acid  (RA) . 

At  that  point  we  did  a  comparative  study  of  the  species  of 
NGFR  present  in  astrocytes  and  splenocytes  since  NGF  has  been 
reported  to  have  a  effects  on  cellular  proliferation  for  both.  We 
also  found  some  time  ago  that  the  NGF  binding  activity  displayed 
by  astrocytes  was  very  similar  to  that  reported  by  us  on 
lymphocytes.  The  unique  pattern  of  NGFR  displayed  by  lymphocytes 
may  be  related  to  the  mitogenic  effects  of  NGF  there.  Our  results 
would  suggest  that  the  NGFR  pattern  in  lymphocytes  may  result  from 
an  excess  in  expression  of  receptor-associated  proteins  as  compared 
to  NGFR. 
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Since  only  a  small  proportion  of  lymphocytes  were  NGFR  bearing 
and/or  NGF  responsive  we  undertook  to  determine  if  NGFR  were 
present  on  undifferentiated  rat  thymocytes  and  to  assess  possible 
in  vitro  biological  actions  of  NGFR  on  proliferative  response  of 
these  cells.  To  explore  the  functional  modulation  of  NGF  on 
thymocyte  activation,  unfractionated  cells  were  cultured  in  the 
presence  of  varying  concentrations  of  NGF  added  at  the  initiation 
of  culture.  NGF  showed  a  significant  time  and  dose  dependent 
stimulation  of  proliferation  with  maximal  3HThd  incorporation  at  96 
hours  of  culture.  The  degree  of  responsiveness  of  the  cells  to  NGF 
stimulation  varied  from  experiment  to  experiment.  In  some  studies 
a  maximally  increased  proliferative  response  was  seen  at  0.1  ug/ml 
with  a  plateauing  of  the  response  at  the  higher  dosages  of  NGF 
while  in  others  a  classical  dose  dependent  increased  thymidine 
uptake  was  observed. 

The  ability  of  NGF  to  modulate  thymocyte  proliferation  in  the 
presence  of  mitogens  was  determined  by  coculturing  cells  with  NGF 
and  ConA.  After  72-96  hours  costimulation  with  NGF  and  ConA  a 
significant  synergistic  enhancement  of  ConA  induced  3HThd  uptake 
was  observed.  This  response  to  NGF  by  ConA  stimulated  cells  was 
only  found  at  lower  concentrat  ions  ( 0 •  1-0.5  ug/mi)  of  ConA. 

The  ability  of  NGF  to  synergize  with  lymphokines  was  assessed 
by  coculturing  the  ligand  with  IL2.  The  addition  of  both  NGF  and 
IL2  at  the  initiation  of  cultures,  potentiated  the  mitogenic  signal 
of  IL2  in  a  concentration  dependent  manner.  Proliferation  in 
response  to  IL2  and  NGF  was  highest  in  cultures  with  serum 
containing  media  (CM) ,  although  significant  enhancement  of  IL2- 
driven  mitogenesis  by  NGF  was  also  present  in  SFM. 

Our  in  vitro  studies  indicate  that  NGF  is  functionally  active 
and  can  modulate  in  a  concentration  dependent  manner  the  mitogenic 
response  of  cultured  thymocytes.  The  enhancement  of  proliferation 
by  NGF  occurs  alone  and  in  concert  with  other  mitogenic  substances 
in  a  concentration  dependent  manner.  This  response  occurs  in  the 
presence  or  absence  of  serum,  supporting  a  specific  and  direct 
effect  of  NGF  on  the  enhancement  of  thymocyte  activation.  The 
specificity  of  the  response  is  also  supported  by  the  inhibitory 
effects  of  antisera  against  NGF  on  the  proliferative  response  of 
NGF  stimulated  cells. 

The  in  vitro  reactivity  of  thymocytes  to  NGF  stimulation  is 
comparable  with  those  seen  in  NGF  culture  studies  of  rat  splenic 
cell  populations  (Thorpe  and  Perez-Polo,  1987) .  Although  the 
maximal  response  of  these  cells  occurs  at  levels  significantly 
above  those  considered  physiological  it  is  unknown  what 
concentrations  of  NGF  can  be  induced  within  the  local 
microenvironment  during  an  immuno inflammatory  response.  The  lowest 
concentration  of  NGF  which  enhances  the  proliferative  activities 
of  both  thymocytes  and  splenocytes  correspond  to  that  of  the 
receptor  saturation  concentration.  In  addition,  preliminary 
findings  suggest  that  NGF  effects  on  lymphokine  production  by 
cultured  lymphocytes  is  seen  at  NGF  concentrations  below  those 


needed  for  receptor  saturation  (Thorpe  et  al,  unpublished). 

Presently  the  mechanisms  by  which  NGF  potentiates  cell  cycle 
events  are  unknown,  however  they  may  include  its  interactions 
within  the  IL2/IL2R  pathway.  This  hypothesis  is  supported  by 
several  observations  including  NGF  upregulation  of  IL2R  expression 
on  human  peripheral  lymphocytes  (Thorpe  et  al,  1987),  and  more 
recently  preliminary  results  demonstrating  NGF  potentiation  of  IL2 
synthesis  by  cultured  lymphoid  cells  (Thorpe  et  al,  1989).  The 
effects  of  NGF  on  IL2R  expression  and  IL2  synthesis  by  cells  of  the 
thymus  are  unknown,  however  the  presence  of  IL2R  on  functionally 
mature  populations  of  thymocytes  and  their  response  to  varying 
concentrations  of  IL2  would  tend  to  support  the  possibility  of  its 
activity  on  the  modulation  of  the  IL2/IL2R  cascade. 

Mounting  evidence  continues  to  accrue  that  suggests  a  role  for 
NGF  in  the  maintenance  of  immune  homeostasis,  (reviewed  in  Thorpe 
et  al,  1988b),  and  in  the  neuroimmune  axis  as  a  bidirecticr.n]  1y 
acting  mediator  in  the  communication  network  between  the 
neuroendocrine  and  immune  system.  Our  present  results  linked  with 
other  reports  on  NGF  interactions  during  thymic  development, 
indicate  that  an  important  direction  for  future  studies  on  NGF 
interaction  within  the  thymus  will  be  to  define  its  role  in  the 
thymic  embryonic  development  and  in  T-cell  ontogeny. 

One  project  that  did  not  succeed  was  our  search  for 
established  cell  lines  of  lymphoid  origin  that  would  express  NGFR. 
Given  our  success  with  thymocytes,  we  abandoned  that  project  half 
way  through  the  year . 
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